[1] Large-scale assessments of the potential for food production and its impact on biogeochemical cycling require the best possible information on the distribution of cropland. This information can come from ground-based agricultural census data sets and/ or spaceborne remote sensing products, both with strengths and weaknesses. Official cropland statistics for China contain much information on the distribution of crop types, but are known to significantly underestimate total cropland areas and are generally at coarse spatial resolution. Remote sensing products can provide moderate to fine spatial resolution estimates of cropland location and extent, but supply little information on crop type or management. We combined county-scale agricultural census statistics on total cropland area and sown area of 17 major crops in 1990 with a fine-resolution land-cover map derived from 1995-1996 optical remote sensing (Landsat) data to generate 0.5°r esolution maps of the distribution of rice agriculture in mainland China. Agricultural census data were used to determine the fraction of crop area in each 0.5°grid cell that was in single rice and each of 10 different multicrop paddy rice rotations (e.g., winter wheat/ rice), while the remote sensing land-cover product was used to determine the spatial distribution and extent of total cropland in China. We estimate that there were 0.30 million km 2 of paddy rice cropland; 75% of this paddy land was multicropped, and 56% had two rice plantings per year. Total sown area for paddy rice was 0.47 million km 2 . Paddy rice agriculture occurred on 23% of all cultivated land in China.
Introduction
[2] In the mid-1990s, paddy rice agriculture occupied about 22% of the world's grain-producing cropland and produced about 29% of the world's grain harvest (FAO-STAT, Statistical Database of the Food and Agricultural Organization of the United Nations, available at http:// apps.fao.org, hereinafter referred to as FAOSTAT database). China produced about one third of the world's rice on about one fifth of the world's rice paddy land (FAOSTAT database). Thus, paddy rice agriculture in China accounted for about 5% of the world's total cropland and about 10% of the world's total grain harvest. Globally, rice paddies contribute about 11% of the total methane flux to the atmosphere [Prather et al., 1995] . Paddy rice agriculture in China is therefore of national and global significance for issues of both food security and climate change.
[3] There is a need for better information on the area and distribution of cropland in China. Official statistical data on cropland area for China [e.g., State Statistical Bureau, 1994] , generated from ground-based agricultural census data assembled at the county scale, are known to underestimate actual cultivated area [State Statistical Bureau, 1994] , perhaps by $20-40% [Smil, 1999; Crook, 1993] . Yuyun and Zheng [2000] report that crop area estimates for China were accurate in 1960, but since that time only cropland losses have been tallied, while cropland area gains, generally from conversion of more marginal lands, have not. The result has been a fairly steady decline in total cropland area reported since 1960. Two reasons are given for this underreporting of cropland area: reducing tax burdens and artificially inflating crop productivity numbers [Yuyun and Zheng, 2000] . Colby et al. [1992] report a 7.5% decline in area sown in grains from 1960 to 1990 in China.
[4] Analysis of satellite remote sensing data can be used to improve the estimate of cropland extent in China [e.g., Xiao et al., 2002b; Smil, 1999] . However, an agricultural census generally contains much more information than just total cropland area. For example, census data sets from China typically report sown area in each county for a range of different crop types (e.g., rice, maize, and cotton). Additionally, census data often contain information on other aspects of agricultural management, such as fertilizer use, irrigation, and animal populations.
[5] Roughly half of the cropland in China is multicropped, having two or more harvests per year. Multicropping can have significant consequences on the biogeochemical cycling of carbon and nitrogen in agroecosystems. Multicropped fields will generally receive much higher annual nitrogen fertilizer inputs than singlecropped fields, and thus can be expected to have higher annual nitrogen losses through leaching and denitrification [e.g., Vitousek et al., 1997] . Manure and crop litter inputs will also differ significantly across the spectrum of crop rotations, with consequences for carbon sequestration in soils [e.g., Havlin et al., 1990; Li et al., 1994] and methane emissions from paddy rice [e.g., Denier van der Gon and Neue, 1995; Sass et al., 1991] . Currently available largescale remote sensing analyses do not report the location or extent of multicropping. However, ground-based statistical data sets often contain information on both total land area in crops and planted or sown area of various crops, so estimates of land area in various multicrop rotations can be constructed.
[6] There are several existing maps of rice paddies in China. The 1:1,000,000 scale maps of China's land use given by Wu [1990] include a category of paddy rice, and the maps of the Second Soil Survey of China [Xi, 1998] include paddy soils as a category. These maps have finer spatial resolution ($1 km) than the county census data (the scale of a county in China ranges over roughly 20-200 km). Global 1-km-scale land-cover products sometimes include paddy rice as a legend category (e.g., the Seasonal Land-Cover Regions (SLCR) products derived from AVHRR [Loveland et al., 1995] ). However, the SLCR products may not be reliable for mapping paddy rice in China [Frolking et al., 1999] . These existing maps do not contain information on single cropping versus multicropping, nor on the types of nonrice crops included in multicrop rotations on paddy land.
[7] Ramankutty and Foley [1998] and Hurtt et al. [2001] have combined the moderate (1 km) resolution IGBP DISCover global land cover product [Belward et al., 1999] with national and subnational census data on land use to develop gridded maps of cropland by correlating the two descriptions of the landscape. For China, because the official cropland area reported in the census is a significant underestimation, a correlation approach will not work well. Instead, we make the assumption that fine-resolution remote sensing analyses (scale $0.1 km) provide a good estimate of the location and extent of cropland, and the agricultural census data provide a good estimate of the relative areas planted in each major crop. To develop new maps of the distribution of rice agriculture in China, describing both spatial extent and variation in crop rotation, we combined detailed information on the distribution of single and multicrop rotation areas from a county-scale agricultural census with a new estimate of the distribution of cropland area based on fine-resolution Landsat remote sensing data. We generated 0.5°resolution maps for mainland China of the area within each grid cell in 11 different crop rotations that include rice, and also 38 other single-crop and multicrop rotations.
Data Sets and Methods

Agricultural Census Data
[8] County-level agricultural census data for China in 1990 were acquired from the Eco-Environmental Database of the Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences. The database contains county statistics on sown area for 17 major crops, total cropland area, total sown area, nitrogen fertilizer use, and livestock and rural human populations for counties in mainland China; no data were available for Taiwan, Hong Kong, or Macao. Provincial and national crop area totals derived from this county-scale data set are generally within 1% of official areas reported by the State Statistical Bureau [1994] . This county-scale database has been used previously for an analysis of crop residue production in China [Zhuang et al., 1996] , compared with moderate resolution remote sensing land cover maps [Frolking et al., 1999] , and used to generate estimates of N 2 O emissions from China's croplands [Li et al., 2001] . Hereinafter, this data set will be called AC90.
Generating Crop Rotation Area Estimates From the Agricultural Census Data
[9] Harvesting two or more crops from a single plot in a single year (multicropping) is common in much of central and southern China. Cropland area data reflect the actual total land area supporting crops, while sown area data reflects the area of land planted with each crop. Thus, a summation of all sown area for a region will double-count land that is double cropped, and triple-count land that is triple cropped. In AC90 some counties in China report sown area to be nearly triple the crop area (i.e., almost all cropland is multicropped), and the AC90 total sown area for China is 57% greater than the AC90 total cropland area, consistent with the official estimates of aggregate multicropping in China reported by the State Statistical Bureau [1994] .
[10] AC90 contains county-scale agricultural data on the total sown areas of individual crops and the total cropland area, but not areas in any specific crop rotation (e.g., winter wheat/maize). To estimate the area of specific crop rotations in each county, it was necessary to partition the total sown area into a set of crop rotations. While doing this, it was important to keep each county's total cropland area and the sown area of each individual crop in each county consistent with the AC90 database.
[11] The first step was to calculate the difference between the total crop area and the total sown area in a county. If the reported crop area was larger than the reported sown area, the excess crop area was assigned to the fallow category, and all sown crops were assumed to be in a single-crop rotation. If the total sown area was larger than the total crop area, the excess sown area was set equal to the area of multicropping, and was disaggregated into regionally appropriate crop rotations, as discussed below.
[12] The second step was to establish a set of crop rotation priorities. For this, we considered five agro-climatic regions in China: the Northeast and arid North, the North China Plain and Central and Western China, the middle and lower reaches of the Yangtze River, Southern China, and Southwestern China (Table 1 and Figure 1 ). We based our crop rotation priorities ( [13] There was little multicropping in the Northeast and arid North (Region 1 in Figure 1 and Table 1 ), and that which occurred was primarily a grain/vegetable or grain/ soybean rotation. To fit the crop and sown areas, small areas of rice/rapeseed and rapeseed/maize were necessary in 10 of the 325 counties in this region. In the North China Plain and Central and Western China (Region 2), there was a mix of single and double cropping, and a triple cropping of vegetables. The dominant multicrop rotations were double croppings of winter wheat combined with rapeseed, maize, rice, or vegetables. Southwestern China (Region 3) had a mixture of single, double, and triple cropping. In the middle and lower reaches of the Yangtze River (Region 4), there was primarily double and triple cropping, with an emphasis on paddy rice. Southern China (Region 5) also had mostly double and triple cropping. The dominant multicrop rotations in southern China were triple croppings of double rice combined with alfalfa, rapeseed, or vegetables. In addition, a few specific priorities and rotations were assigned to certain provinces, such as rapeseed/cotton only in Hunan, Hubei, and Jiangxi Provinces, and maize/maize only for Southern China. We considered six triple-cropping rotations, four with double rice and two with double vegetable: rice/rice/alfalfa, rice/rice/rapeseed, rice/rice/vegetables, rice/ Figure 1 . b This column lists each region's multicrop rotations by priority (see text for discussion). c All wheat planted in this region is considered to be spring wheat; throughout the rest of China it is considered to be winter wheat.
rice/wheat, vegetable/vegetable/potato, and triple vegetable. These represent simple and common modes of triple cropping. We ignored less common multicrop rotations, including all multicrop rotations with four or more plantings per year, because their areas would be quite small at the national scale, and the number of variations would be quite large. Many multicrop rotations occur in suburban counties, and consist of sequential plantings of different vegetables grown for urban markets.
[14] For all counties with a total sown area greater than the total cropland area, we then partitioned the excess sown area into allowable crop rotations in an iterative procedure according to the crop rotation priorities in the specific region (Table 1) . This generated the area in each crop rotation in each county, a kn , where the subscript k refers to the county, and the subscript n refers to the crop rotation. This preserved total cropland area and individual crop sown area, i.e., the data we had to work with. However, there may be discrepancies between these results and the real situation, as we could use only very general rules for prioritizing crop rotations. Finally, for each county we calculated the fractional area in each crop rotation
where b is the fraction of total cropland area in county k that is in crop rotation n. Note that for each county,
These b k,n were subsequently used to partition total cropland area, as determined by classification of fineresolution remote sensing, following the methodology outlined below.
Remote Sensing Data
[15] In the late 1990s, the Chinese Academy of Sciences organized eight research institutions and about 100 scientists to conduct its second national-scale land-cover and land-use classification project, using 520 Landsat TM Figure 1 . Provincial boundaries of China, and the 5 crop-zone regions for assigning multicropping priorities (see Table 1 ). Each province is labeled as ''region-province.'' The region codes are: I, North and Northeast; II, North China Plain and Central and West; III, Southwest; IV, Middle and Lower Yangtze River; V, South. The province codes are: 1, Heilongjiang; 2, Inner Mongolia; 3, Jilin; 4, Liaoning; 5a, northern Xinjiang; 5b, southern Xinjiang; 6a, northern Gansu; 6b, southern Gansu; 7, Beijing; 8, Tianjin; 9, Hebei; 10, Ningxia; 11, Qinghai; 12, Shaanxi; 13, Shandong; 14, Shanxi; 15, Tibet; 16, Henan; 17, Guizhou; 18, Sichuan; 19, Yunnan; 20, Anhui; 21, Hubei; 22, Hunan; 23, Jiangsu; 24, Jiangxi; 25, Shanghai; 26, Zhejiang; 27, Fujian; 28, Guangdong; 29, Guangxi; 30, Hainan. Note that Taiwan (large island off southeast coast) is not included in our analysis.
images of China, primarily from 1995/1996 [Liu, 1996] . The images were geo-referenced and ortho-rectified, using field-collected ground control points and fine-resolution digital elevation models, and have an average geoposition error of ±50 m. Visual interpretation and digitalization of TM images at the 1:100,000 scale were conducted to generate thematic maps of land use and land cover. A hierarchical classification system of 25 land-cover classes was applied, including two cropland classes (paddy fields and nonflooded cropland). Interpretation of TM images and validation of land-cover classification were based on extensive field surveys. The original 1:100,000 scale Map of Land Cover in China generated in this National Landcover Database (NLCD) project estimated that there were 1.74 million km 2 cropland area in China. However, this initial analysis did not consider the fraction of noncultivated land within a polygon of cropland (e.g., narrow roads and footpaths, small rice paddy levees, irrigation channels, and residential areas). To account for this fraction of noncultivated land, the NLCD project developed a stratified, multilayer sampling design that divided China into 870 sampling zones, and acquired aerial photos for each sampling zone. The interpretation of these aerial photos showed that the fraction of noncultivated land in a cropland polygon ranged between 0.2 and 0.3 for most of the 816 sampling zones where the original 1:100,000 scale land cover maps indicated that there was cropland. After applying each zone's fraction of noncultivated land to the original 1:100,000 Map of Land Use in China, the NLCD project generated an estimate of 1.32 million km 2 total cropland area in China, with 0.36 million km 2 of this classified as rice paddy. The vector land-use map (1:100,000 scale) was converted into a 1-km gridded database that still captures all of the fineresolution land cover information by calculating percent fractional cover within each 1-km grid cell [Tang, 2000; Zhang et al., 2000; Liu et al., 2001] . In this study, we used the 1-km gridded database, hereinafter called NLCD-96.
Filling in Data Gaps
[16] One inconsistency and one data gap had to be reconciled. First, some counties that had no cropland area reported in AC90 did have fractional cropland area values for some of their 1-km pixels in NLCD-96. In our methodology, NLCD-96 defines the cropland area, so all counties with NLCD-96 cropland must be assigned crop rotation fractional values (b k,n ), but these could not be calculated from the AC90 data if no crop areas were reported. We set b k,n values for each of these counties equal to the mean of b k,n for all neighboring (abutting) counties, under the assumption that distribution in crop rotations was relatively constant across these scales ($10-100 km). The cropland area affected by this was 1.6% of the national total. Second, for small regions in Heilongjiang, Liaoning, and Zhejiang Provinces in northeastern China, the NLCD-96 product had only the original cropland area estimates, but did not have data adjusted for noncropland features. For these areas (1.2% of total land area in China) we used the noncropland adjustment factors derived for the neighboring 0.5°grid cells, again under the assumption that fraction of crop area that was not cultivated (footpaths, irrigation channels, etc.) was relatively constant across these scales ($50-100 km).
Algorithm to Combine Census and Remote Sensing Data
[17] We overlaid a 0.5°Â 0.5°grid on the 1-km NLCD-96 cropland fraction map and calculated the total cropland area in each 0.5°Â 0.5°cell, C j ,
where j is the grid cell index ( j = 1 to 4163), and c x is the fraction of each 1-km NLCD-96 pixel, x, that is classified as cropland (paddy plus nonflooded) in the NLCD-96 raster database. We also generated a remote sensing based estimate of paddy rice area on a 0.5°grid, P j ,
where j is the grid cell index and p x is the fraction of each 1-km NLCD-96 pixel, x, that is classified as paddy rice. We did not use this paddy data to generate our maps of rice agriculture, but as a separate map for comparison with our final product.
[18] We then overlaid this same 0.5°grid with a county boundary map of China (Consortium for International Earth Science Information Network, The China Time Series Administrative Regions GIS Data; 1:1M, County Level, prepared by CIESIN, the Chinese Academy of Surveying and Mapping, and China in Time and Space (University of Washington), available at http://sedac.ciesin.org/china/ admin/bnd90/bnd90.html). The intersection of these two maps generated $11,000 polygons, each polygon representing the portion of a particular county within a particular grid cell. In some cases a small county was completely within a single 0.5°grid cell, or a large county occupied an entire 0.5°grid cell, but generally a grid cell consisted of parts of several counties. We overlaid this new polygon map on the 1-km NLCD-96 cropland fraction map, and, as above, calculated the total cropland area in each polygon,C j,k ,
where k is the county index (k = 1 to 2473), and the double index ( j,k) identifies the polygon whose land area is common to both county k and grid cell j. We then determined the fraction of total cropland in grid cell j that lies within county k, f j,k as
where the sum is over all counties, k * , that intersect with grid cell j. We then generated a set of crop rotation distributions for each 0.5°grid cell, g j,n , as the area-weighted average of the contributing counties,
where the subscript n refers to the 49 crop rotations in the AC90 database (note that Σ n g j,n = 1.0). Then the area in each 0.5°grid cell in crop rotation n, C j,n , was calculated as
This new set of crop areas preserved the total cropland area determined from remote sensing (NLCD-96) and the fractional areas in each crop rotation derived from the census data (AC90).
Results
[19] The new database contains 11 crop rotations that include rice, and we estimated that there were 0.30 million km 2 of land in China planted in rice at least once per year (Table 2) . One quarter of this land was planted as single rice, 15% was under a double-crop rotation with two rice plantings per year (rice/rice), 19% was under a double-crop rotation with a single rice planting (rice/other), and 41% was under a triple-crop rotation with two rice plantings per year (rice/rice/other). The total sown area for rice was 0.47 million km 2 . We estimate that paddy rice agriculture occurred on 23% of all cultivated land in China.
[20] The single rice rotation occurred throughout eastern China, except for Hubei Province (Figure 2a) . The dominant regions were in the river valleys of the northeast (Liaoning, Jilin, and Heilongjiang Provinces), the western edge of the Sichuan Basin, Yunnan Province, and southern Henan province. There were small areas of single rice in the northwest and in northern Ningxia Province in central China. Double rice was primarily in the Sichuan Basin in eastern Sichuan Province, along the southern coast, and on Hainan Island (Figure 2b ). Double cropping with a single rice planting was located predominantly in central China (Jiangsu and Henan Provinces), with some area in the southcentral provinces of Sichuan, Guizhou, and Yunnan, and minor occurrences in the northeast (Figure 2c ). Triple cropping with two rice plantings was common in south-central China (Anhui, Hubei, Zhejiang, and Jiangxi Provinces; Figure 2d ). Rotations with two rice plantings were not significant north of the middle and lower reaches of the Yangtze River.
[21] In aggregate, rice agriculture occurred throughout eastern China, but was concentrated in southern China, the Sichuan Basin, and in the northeast (Figure 3a) . The middle and lower reaches of the Yangtze River and the associated large lake basins (Dongting Hu, Poyang Hu, and Tai Hu) were the regions with the highest concentration of rice agriculture.
Discussion and Conclusions
[22] Our methodology used land-cover classifications from fine-resolution remote sensing imagery to determine the extent and location of cropland area in China. This Landsat TM-based product Zhang et al., 2000] had two cropland classes (paddy and nonflooded), which were aggregated to total cropland. We partitioned this total cropland into 49 different single and multicrop rotations, based on county-scale statistical information for mainland China on the sown areas for 17 major crops. Our new cropland area estimates preserve the total cropland area from the remote sensing analysis (1.32 million km 2 ). This is $40% higher than official cropland area totals [State Statistical Bureau, 1994] , which is roughly consistent with other estimates of underreporting in official cropland area statistics [e.g., Crook, 1993; Fu et al., 1993; Smil, 1999] . Verburg and Denier van der Gon [2001] also estimated 1.32 million km 2 of cultivated land in China in 1991. Our new estimate of the paddy-rice land area in China (0.30 million km 2 ) is 18% greater than reported in official statistics [State Statistical Bureau, 1994] , 16% less than estimated by optical remote sensing (Table 3 [see also Liu et al., 2001] ), and the same as the estimate by the Second Soil Survey of China [Xi, 1998] .
[23] Our estimate for total rice sown area (0.47-million km 2 ) is 42% greater than the official estimate (Table 3 , [State Statistical Bureau, 1994] ), and equal to the estimate of Verburg and Denier van der Gon [2001] . The NLCD-96 remote sensing product does not provide an estimate of total rice sown area. Our analysis arrives at a larger sown-area: land-area ratio (0.47/0.30 = 1.57) than the official statistical value (0.33/0.26 = 1.27 [State Statistical Bureau, 1994] ). This arises because we assigned high priorities to the ''rice/ rice/other crop'' and ''rice/rice'' rotations in Southern China and the middle and lower reaches of the Yangtze River basin (Table 2) , and thus placed much of the rice-sown area into ''double rice'' rotations. When we applied our crop rotation fractions (b k,n ) to the AC90 county crop area data, we arrived at a rice sown area estimate of 0.33 million km 2 (i.e., consistent with the State Statistical Bureau (SSB) values, and preserving total sown area), but a rice land area estimate of only 0.21 million km 2 , about 20% less than the SSB value (Table 3) .
[24] Official statistics on the total sown area of rice in China [SSB, 1994] , and Food and Agricultural Organization of the United Nations (FAO) statistics on harvested area of rice in China (FAOSTAT database) agree that between 1980 and 1990, the area varied by <10% (1980 = 0.34; 1985 = 0.32; 1990 = 0.33 million km 2 ), and the FAO total for 1995 is 0.31 million km 2 . The magnitude of this reported interannual variability is significantly smaller than the discrepancies between our new estimate of sown area and the officially reported areas. Smil [1999] estimated that China was losing about 0.005 million km 2 of cropland each year through conversion to other land uses. Verburg and Denier van der Gon [2001] predict that China will lose 8% of its cultivated land and 13% of its sown area of rice between 1991 and 2010. Seto et al. [2000] analyzed Landsat TM satellite images from 1990 and 1996 for a 10-county region in the rapidly developing Pearl River Delta region in Guangdong Province in southern China. Their landcover classification estimated the agricultural land area in this region (0.0067 million km 2 ) to be more than twice that reported in official statistics, and that about 13% of this agricultural land was converted to nonagricultural use between 1990 and 1996. Land-use conversion from cropland to nonagricultural use in this region is likely to be among the most rapid of all regions of China [Seto et al., 2000] . While there will be some inherent uncertainty in our methodology because we combine crop census statistics from 1990 with remote sensing area estimates from 1995/ All maps are 0.5°resolution, and the gray scale refers to the land area within each grid cell that is classified in the specified rotation. Multicropped land is not weighed more heavily than singlecropped land. Note that Figure 2c is an aggregation of five ''rice/other crop'' rotation areas, and Figure 2d is an aggregation of four ''rice/rice/other crop'' rotation areas (see Table 2 ).
1996, we do not believe this uncertainty is large enough to invalidate our overall results. This could be evaluated with either more current county-scale crop census data, or with earlier fine-resolution remote sensing data. We anticipate that more recent crop census data will become available, and we will investigate this possible discrepancy when it does.
[25] The distribution of paddy rice developed by our methodology is very similar to the distribution derived from the land-cover classification of Landsat TM imagery when it Figures 3a and 3b , and the bottom legend refers to Figure  3c . Multicropped land is not weighed more heavily than single-cropped land. Note that only NLCD-96 included paddy areas for Taiwan, and discrepancies in Taiwan in Figure 3c are an artifact of the missing data in AC90.
was aggregated to the same 0.5°resolution (Figures 3a and  3b) . The main discrepancy between the two maps was in the middle and lower Yangtze River region (Figure 3c ). In this region, particularly the southern part of Henan Province, there was extensive cropland. NLCD-96 classified most of the cropland as paddy rice, but our county data reported the majority of the sown area for counties in this area as wheat and maize, so the paddy area was significantly less in our analysis. Official statistics for paddy rice area in Henan Province in 1993 reported that only 6.3% of cultivated land was rice paddy [SSB, 1994] .
[26] This study combined remote sensing and ground census data to develop a synthesis product that incorporates the strengths of each data set. Several other recent studies have combined remote sensing land-cover data with ground census land-use data to generate maps of cropland [Ramankutty and Foley, 1998; Goldewijk, 2001] or general land use categories [Hurtt et al., 2001] . Those studies used moderate-resolution remote sensing products based on the AVHRR (Advanced Very High Resolution Radiometer) instrument (1-km resolution), and very general land-use categories: ''Cropland'' in the case of the Ramankutty and Foley [1998] and Goldewijk [2001] global maps and ''Cropland,'' ''Forest,'' ''Pasture,'' and ''Other'' in the case of the Hurtt et al. [2001] map of land-use in the United States. In this current analysis, the resolution of both input data sets is enhanced: The land-cover map is at 1:100 000 resolution, based on Landsat imagery (30-m pixels), and the crop census data has been analyzed to generate fractional-area data for 49 different crop rotations, rather than just an aggregate cropland category. Xiao et al. [2002a] have developed an alternative method to use optical remote sensing both to map paddy fields and to determine the timing of flooding, based on the temporal dynamics of the ratio of the NormalizedDifference Vegetation and Water Indices (NDWI/NDVI). Their analysis requires multiple remote sensing images during a growing season, and has only been applied to a 14-county area near Nanjing, China.
[27] The new maps that have been developed can improve our ability to quantify the cycling of carbon (C) and nitrogen (N) in China's agriculture. Different land management practices can have significant consequences on C and N biogeochemistry of agro-ecosystems Greenland, 1995] . Fertilizer application, manure amendment, and crop residue incorporation can all vary with crop rotation and associated management practices. This will directly affect C and N contents in the soils. Frequency and depth of tillage will vary among different crop rotation regimes. Frequency and duration of flooding of paddy rice fields depends on crop rotation. These will also influence rates of soil organic carbon decomposition [Havlin et al., 1990; Rasmussen and Rohde, 1988] , and can significantly affect methane emissions from the soils [Wassmann et al., 2000] . More accurate estimates of the extent and distribution of different crop rotations will lead to improved estimates of C sequestration and trace gas emissions from these agroecosystems. In an earlier analysis, Li et al. [2001] used the AC-90 cropland database, combined with estimates of fertilizer use, manure production and application, tilling/ planting/harvesting dates, and daily weather, all spatially resolved at the county scale, to drive a biogeochemical model and generate spatial estimates of N 2 O emissions from China's cropland. The maps developed in this current study increase the cropland area 39% above the AC-90/SSB values (Table 3) , and through a much more thorough treatment of multicropping, increased our estimate of total sown area by about 85%; redoing the model analysis with this new information resulted in a near doubling of the estimated total N 2 O emissions from China's cropland [Li et al., 2002] .
[28] These new maps are the first to portray a spatially explicit distribution of a number of single-crop and multicrop rotations for China. The methodology could be used to generate maps for other regions, and at other resolutions, with an absolute lower limit of resolution being the scale of the remote sensing data. However, a practical lower limit would be the scale at which county crop rotation fractions (b k,n in equation (1)) are representative, which we estimate to be on the order of 10 km in eastern China and on the order of 50 km in western China. Also, as more current Chinese agricultural census data and/or more recent remote sensing land cover products become available, these maps can and will be updated. The maps described in this manuscript will be made available on the World Wide Web at http://www.dndc.sr.unh.edu/. [SSB, 1994] . c Landsat-derived areas for mid-1990s .
